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RADIATION DETECTION DEVICE 

Technical Field 

The present invention relates to a detection device for radiations particularly 
5 gamma rays, more particularly, to a gamma ray detection device having a very high 
time resolution. 

Prior Art 

Radiation detectors are used for the optical detection and measurement of 

10 ionizing radiations, taking advantage of a radiant relaxation phenomenon of solids. 
In recent years, a short pulsed radiation is being utilizing in the fields of physics, 
chemistry, organism, medical treatment etc. Thus, there is demanded a process of 
simply measuring such a short pulsed radiation. For example, in PET (Positron 
Emission Tomography) which is a medical instrument, it is possible to apply the 

15 time resolving performances of a radiation detector to the detection of the position 
of a measurement system. Then, the higher time resolution is, the narrower 
diagnoses can be conducted in a shorter time. Thus, there is a very large demand 
for radiation detectors of the high time resolution type. 

For conventional radiation detectors, the time resolution of particularly gamma 

20 ray detectors was not completely satisfactory. 

For example, the best three time resolution have been obtained up to now, the 
first being 124 ps measured according to a process of time-treating gamma rays 
with the use of a plastic scintillator and a diode amplification-type photoelectron 
multipher tube (M.Moszynski, 1993, Nuclear Instruments and Methods in Physics 

25 Research A 337 (1993) 154 ), the second being 155 ps measured according to a 
process of using a BaF 2 scintillator, a diode amplification-tj^De photoelectron 
multipher tube and a digital oscilloscope (Nuclear Instruments and Methods in 
Physics Research A 487 (2002) 612 - 617 ), and the third being 120 ps measured 
according to a process of using a plastic scintillator, a diode amplification-type 

30 photoelectron multipher tube and a digital oscilloscope (Radiation Physics and 
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Chemistry 68 (2003) 431 - 434 ), 

On the other hand, the high-speed Hght emission from CsBr (cesium bromide) 
is known to research workers of optical properties from around the 1990 time (J 
PHYS SOC JPN 62:(8) 2904 - 2914 AUG 1993), and its emission amount, 

5 attenuation time and temperature dependence were meastired (J PHYS SOC JPN 
66:(8)2502 - 212 AUG 1997). As shown in Table 1, at room temperature, the hght 
emission amount was 1% of the high-speed component of BaF2 (0.04% of Nal (TI)) 
and the attenuation time was 30 picoseconds. It was known, thus, that the hght 
emission amount at room temperature is very small but the attenuation time is 

10 very rapid. 
Table 1 





Light emission amount (Nal 
(Tl)ratio) 


Attenuation time 


CsBr (room 
temperature) 


0.04% 


30ps 


BaF2 


4% 


800ps 



However, there have been no attempts to apply a CsBr crystal to the 
measurement of gamma rays. 

MCP built-in photoelectron multiplier tubes having characteristic high speed 
IS properties are commercially available from around the 1980. Table 2 shows a 
comparison of a MCP built-in photoelectron midtiplier tube with a conventional 
photoelectron multipUer tube. The MCP built-in photoelectron multiplier tube is 
characterized in that it is small in rise time of a wave form and also in transit time 
spread (T.T.S.). 

20 
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Table 2 





Rise time 


Half 

bandwidth 


MCP built-in photoelectron 
multiplier (Hamamatsu 
photonics R3809U) 


150ps 


25ps 


Conventional high-speed 
photoelectron multiplier 
(Hamamatsu photonics H3378) 


700ps 


370ps 



When using a conventional photoelectron multipUer tuhe and a conventional 
gamma ray high-speed measurement scintillator (BaFs or a plastic scintillator), the 
time resolution is determined by a statistical scatter in number of photoelectrons on 
the photosurface and is almost not affected by the rise time and transit time spread. 
However, when the time measurement of gamma rays is conducted with the use of a 
MCP built-in photoelectron multiplier tube and a conventional high-speed gamma 
ray measurement scintillator, only a small number of photoelectrons can be used so 
that this lead to a large statistical scatter. Further, poorer time resolution are 
obtained than those of conventional photoelectron multipUer tubes. Thus, they 
have not been used for the time measurement of gamma rays. 

Problems to be solved bv the Invention 

Conventional gamma ray detectors were unsatisfactory in their time resolution, 
15 Therefore, they were restricted in the following use applications- 

(1) PET (Positron Emission Tomography) in medical treatments 

If the time resolution is enhanced, it is possible to detect the position of a 
positron from time information. This results in the alleviation in burden of a 
patients such as a reduction in measiu^ement time, a decrease in strength of a line 
20 source, etc. 

(2) Positron Lifetime Measurements 



TIP 042 



PCT/JP2004/004590 



In material sciences, the lifetime measurement of a positron is utilized for the 
detection of a lattice defect. If the time resolution is enhanced, the detection 
sensitivity is improved. 

In order to dissolve these restrictions, the present invention intends to improve 
5 the time resolution for detection of gamma rays. 

Means to solve the Problems 

The inventors have now found that much larger time resolution can be obtained 
than prior art values in the detection of gamma rays by using CsBr (cesium 

10 bromide) as a scintillator crystal for converting gamma rays to a light and also a 
MCP built-in photoelectron miiltiplier tube as a photoelectron multipUer tube for 
converting a Hght to an electric signal, and attained the present invention. 

That is, the present invention is a radiation detection device comprising a CsBr 
crystal as a scintillator and a photoelectron multiplier tube for receiving a Hght 

15 from the scintillator, wherein the photoelectron multiplier tube detects a light of a 
wavelength of from 300 to 500 nm, and has a sensitivity permitting the detection of 
a single-photon, a half bandwidth of 30 ps or less relative to the single-photon and a 
light-receiving area of 10 mm^ or more. The attenuation time of this scintillator is 
50 ps or less. 

20 

Brief Description of the Drawing 

Fig.l shows a MCP built-in photoelectron multipUer tube and its specifications 
(a pamphlet of Hamamatsu Photonics K.K.), which can be used in the present 
invention. 

25 Fig,2 shows the structvire of a MCP built-in photoelectron multiplier tube 

(Hamamatsu Photonics R 3809 U, from a pamphlet of Hamamatsu Photonics K.K.). 

Fig.3 is a diagram showing a measiirement apparatus used in the working 
example of the present invention. 

Fig.4 shows the results of the measurement. The abscissa axis represents 
30 channels (times), and the ordinate axis represents counts. Position A represents 
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measurement values before movement, and Position B represents measxirement 
values after movement. 

Embodiments of the Invention 
5 The radiation detection device of the present invention uses a CsBr crystal as a 

scintillator, and uses also a photoelectron multiplier tube for receiving a light from 
the scintillator. 

The CsBr crystal used in the present invention may be any of crystals included 
in such a classification. High pvirity alkali halide crystals containing CsBr are 
10 commercially provided for optical use applications from the I960' s. The present 
invention can use such alkali halide crystals. 

The components of these compounds are Cs (cesium) and Br (bromine) in an 
atom ratio of I'l. It is preferred to use those of a crystal structure of the CsCl type. 
The CsBr crystals emit a Ught of from 300 to 500 nm when radiated with 
15 radiations particularly gamma rays. In order to receive this radiation light, a 
photoelectron mvdtiplier tube is used. 

Photoelectron multipUer tubes are composed of a photosurface for converting a 
light to an electron, and an amplification section for amplifying the electron. On 
the other hand, a MCP (microchannel plate) is an element comprising a glass 
20 having fine holes (channels) formed therein. When its both surfaces are applied 
with a voltage (several kV), the electron incident from the negative voltage side 
impinges against the wall of a channel to release a secondary electron which is then 
amplified. A MCP built-in photoelectron multiplier tube is a photoelectron 
miiltipHer tube in which such an element is built whereby the detection of a 
25 single-photon is allowed and the response time bacomes rapid. Such a MCP 
built-in photoelectron mtdtiplier tube is commercially avalable, for example, as R 
3809 U series or R 5916 U series from Hamamatsu Photonics K.K. Their 
specifications are shown in Fig.l. 

The radiation detection device of the present invention may use, in addition to 
30 the above CsBr crystal and photoelectron multiplier tube, a combination of these 
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components with an apparatus (es) having specifications smtably necessary for the 
detection of radiations. For example, the CsBr crystal and MCP built-in 
photoelectron mxdtiplier tube can be combined with a digital oscilloscope. This 
digital oscilloscope may be operated with an external trigger circuit. Further, for 
5 the treatment of the detected wave form, a known apparatus can be used according 
to necessity. 

For the measiirement of this radiation detection device, the subject to be 
measured is preferably positron exhaustion gamma rays. The line sources include 
C - 11, N - 13, O - 15, F - 18 etc. which are used in PET, and Na - 22, G - 68 etc. 
10 which are used in the positron lifetime measurement. 

The following example iUustrates the present invention. However, it does not 
intend in any way to restrict the present invention. 

Example 1 
15 Measurement device 

A CsBr crystal (Korth Kristalle manvifactxired by GMBH) was used as a 

scintillator. Its components are Cs and Br in an atom ratio of 1-1. The crystal 

structure is of the CsCl type. The size is 8 mm <^ X 8 mm. It is a polished article. 
A MCP built-in photoelectron multiplier tube (R 3809 U manufactured by 
20 Hamamatsu Photonics K.K.) was used as a photoelectron multiplier tube. Its rise 

time is 150 ps and transit time spread is 25 ps. Its structure is shown in Fig.2. 

Referring to Fig.2, CATHODE is a photosurface wherein a lihgt is converted to an 

electron which then comes in MCP for amplification, after which it comes out from 

ANODE. 

25 This CsBr crystal was coated over its entire surface with a silicone grease, and 

thereafter covered with a light protection tape with the exception of a surface to be 
sticked to a photoelectron multipulier tube. Then, the covered CsBr crystal was 
directly sticked to the light-receiving surface of the photoelectron multipulier tube 
to make a radiation detection device. 

30 As a line source, 22Na (available fi:om Japan Isotope Association! manufactured 
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by PerkinElmer Lifescience) was used. The strength was 1 MBq. From ^^Na, a 
1,27 MeV gamma ray and a positron were released at the same time. The positron 
changes immediately into two 0.511MeV gamma rays. At this set-up, the effect of 
the 1.27 MeV gamma ray can be ignored. The size of the Ught source is about 2 
5 mm. 

These units were disposed as shown in Fig.3. Two radiation detection devices 
were provided, and disposed such that their CsBr crystals oppose to each other. 
The photoelectron multipulier tube, CsBr crystals and the line sources were 
arranged on the same axis. The distance between the surfaces of CsBr crystals of 

10 two radiation detection devices was 50 mm. 

As shown in Fig.3, they were connected to a digital oscilloscope (Wave Master 
9600 manufactured by LeCroy ; the analog band 6 GHz, the sampling frequency 20 
GS/s (2 ch simultaneous)), a waveheight discriminator (Model 584 manufactured by 
EG & GORTEC) and a coincidence circuit (RPN - 130 manufactured by Rinei Seiki) 

15 to measure a difference of the times when two photoelectron multipUer tubes 
receive a light. As a result of the use of the decices thus disposed, the time 
resolution was 80 ps or less and the distance desolving power was about 12 mm. 
Measurement operation 

First, a line source (size -about 2 mm) was placed at a position of 20 mm apart 

20 from the CsBr crystal of one radiation detection device to measure a radiation from 
the light source. The time between the points was 5 ps, and so the width of the 
position of the ordinate axis (counts) at the half from the top was 16 points or less. 
That is, a value of 80 ps or less was obtained as the time resolution (half bandwidth) 
of time- difference measurement of two photoelectron extinction gamma rays (0.511 

25 MeV, simultaneous). 

Then, the light source was moved 10 mm towards the CsBr crystal of other 
radiation detection device and then the same mesuerment was conducted. 
Measurement results 

The measurement results are shown in Fig.4. By the movement of 10 mm, the 

30 positron source approachs 10 mm towards the right detector so that it separates 10 
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mm away from the left detector. It is seen from Fig.4 that, before and afiter this 
movement, the peak shifts 13.3 channels (that is, 66.6 ps). 

The light velocity is 3 cm/100 ps, and so it is anticipated that the peak position 
shifts 66 ps only. This anticipation was well in accordance with the above 
5 measurement results. 

That is, for the time measurement of a position extinction gamma ray (0.511 
MeV) and gamma rays exhibiting similar energies, there is provided a device having 
a high time resolution not obtainable in the prior art. 

It can be read from Fig.4 that the time resolution at Position A (or Position B) is 
10 a half bandwidth of approximately 15 ch (75 ps). This value is a sum of the 
attenuation time of a scintillator used, and the half bandwidth in time resolution, 
the difference in optical path, and other adverse effects on the time resolution of a 
photoelectron multiplier tube used. 

From this value, the attenuation time of a CsBr scintillator used can be 
15 determined as follows* 

The attenuation time (half- life period) of a scintillator used is termed t s, the 
time resolution of a measuring instrument is termed t p, and the Ught path 
difference and other effects given to time jitters are termed z k. The time 
resolution of the entire is a square root of the siun of the square of ts, rpand rk, 
20 and therefore the following equation is obtained. 

Time Resolution =^2r,^ +2rj +2rjf 

The Ught side is 75 ps from Fig.4. The t p is 25 ps from the catalog value. 
The T k is estimated to be 25 ps from the size of a crystal. Thus, the t s is 43 ps. 
It is seen that this substantilly corresponds to the document value (30 ps, Table 1) 
25 ofCrBr. 

According to the present invention, thus, it is obvious that a higher time 
resolution can be obtained by using a scintillator having a very short attenuation 
time. 
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